Andrographis serpyllifolia (Rottler ex Vahl) Wight, belonging to Acanthaceae, has been recorded in ethnobotanical archives as a plant possessing potent anti-snake and scorpion venom activity. Its leaf extract has been proven a highly effective drug to combat bovine mastitis. The present review compiles most of the available experimental data emphasising phytochemical profiles and the pharmacological actitvty of this medicinal geophyte. This kind of systematic review encompassing all experimentally proven aspects of the plant, gaps in research and potential areas for future investigation is not available in literature published with regard to this plant so far.
INTRODUCTION
Andrographis serpyllifolia (Rottler ex Vahl) Wight, a member of the family Acanthaceae, is a valuable medicinal plant with significant therapeutic activity and is found incorporated in several ethnobotanical formulations. Though it is included in the Genus Andrographis, it has a form, architecture and structure not shared by any of its 42 or more sister species. Its habit certainly does not resemble A. paniculata a very well-known, much exploited drug with hepatoprotective activity. While A. paniculata assumes an upright, much branched herbaceous form with short lifecycle, A. serpyllifolia has evolved into a ground hugging prostrate, perennial, geophyte that successfully survives multiple geo-ecological challenges and grazing threats year after year. Except that it is endemic to the arid southern Indian peninsular states, very little is known about its life cycle, morphology, physiology geo-ecological adaptations, anatomy, cytology or ideal propagation methods. Most investigators have focused on the phytochemistry and pharmacological activity of this plant. The very fact that it exists effectively, interspersed among more vigorous grasses, in harsh geo-ecological conditions of high temperature, water scarcity, annual summer forest fires and herbivory, suggests several inbuilt mechanisms to combat the adverse edapho-climatic challenges.
MATERIALS AND METHODS
The preliminary search for mention of A. serpyllifolia was initiated among the various Floras, journals, Books, Publications of various Botanical Gardens
The occurrence of A. serpyllifolia has been described in different herbaria such as the Geneva Herbarium -De Candolle's Prodromus (G-DC) Bearing serial no 1144597462 and category Cat. G-DC-256977/1 as Eriathera serpyllifolia (Rottl. ex Vahl). Andrographis serpyllifolia was first described as Justicia by Robert Wight, who collected the herbarium specimen during Dec 1824 in the jungles of Mysore where he describes the occurrence as "rather common very procumbent". The nomenclature has been variously described as Justicia nummularifolia by Wallich, Eriathera lobeloides and Eriathera serpyllifolia by Nees. Herbarium records (Figure 1 ) , maintained at Kew Botanical Gardens indicate that Andrographis serpyllifolia (Vahl) Wight is an accepted name in the genu s Andrographis (family Acanthaceae) and is listed among the 42 species belonging to the Genus Andrographis in records (Tropicos) maintained by Missouri Botanical Gardens.
Synonyms
In botanical nomenclature a homotypic synonym (or nomenclatural synonym) is a synonym that comes into being through a nomenclatural act, when a taxon gets a new name, without being included in another taxon (of the same rank). The key identification features of this plant listed by Gamble are orbicular or sub-reniform, sessile villous leaves presence of much bearded anthers, glabrous capsule pointed at both ends, deeply curved spoon shaped retinacula and deeply rugose small seeds. The micro-morphology of A. serpyllifolia shows presence of numerous diacytic stomata on both adaxial and abaxial leaf surfaces, restricted presence of abundant sessile glandular trichomes on the abaxial leaf surfaces, reticulate pollen ornamentation with echinate sulcus outlined with smooth morus and deeply reticulate, highly pitted and convoluted spermoderm or seed testa reminiscent of human brain. 1 These three features may serve as pharmacognostic markers aiding in accurate identification and quality control of this herb. Further correlation of the impact of morphological adaptation of each organelle, its functional role in plant body and potential bioactive accumulation was discussed.
Floras
A. serpyllifolia has been described in 
Embryology and seed development
Investigations in this plant have been sporadic and spaced out over long periods of time. After its first identification and description in 1824, it was only mentioned in 1960 when the sequential stages of embryogenesis in A. serpyllifolia were described. 2 The embryo sac has a bifurcated chalazal part. During fertilization both synergids and antipodal cells disintegrate to form ruminate endosperm. A. serpyllifolia is the only Acanthoideae member to possess large multinucleate suspensor cells. The seeds have been described as albuminous, with a large embryo and the seed coat almost dissolved but with a thick walled persistent endosperm. The systematic study of the development of endosperm reveals three components: (1) a binucleate densely cytoplasmic chalazal haustorium; (2) a large binucleate micropylar haustorium; and (3) a central chamber which develops into the actual endosperm. Several authors reported ruminate morphology in some members of Acanthaceae, which develops due to uneven activity of endosperm or the seed coat and is seen as an adaptation for efficient aeration and germination of the seed. 3 In A. serpyllifolia, the convoluted ruminate condition of endosperm is due to the unequal destruction of the integument. The mature seed is nearly naked because the seed coat is almost completely digested. The embryo has a long suspensor. The micropylar cells of the suspensor are hypertrophied and multinucleate.
Ethnobotany
Scientists have gathered information on traditional and folklore usage following extensive interaction with tribal communities in Palani Hills, Tamil Nadu, Andhra Pradesh, Telangana and Karnataka. Variously called Kattuppooraankod, Siyan kodi (Tamil), Kaasina Sara or belesoppu in Kannada, leaf paste of A. serpyllifolia has been used in treatment of snake and scorpion bites. 4 Elsewhere, the whole plant of A. serpyllifolia was reported to be effective against snakebite 5 Decoction of the leaves is used to cure fever and cough. A native formulation comprising about 500 grams each of leaves and roots of A. serpyllifolia , 15 flakes of Allium sativum bulb and Piper nigrum (9 nos.) ground to a paste, rolled into boluses of egg size and orally administered thrice a day for a period of 9-21 days to combat mastitis in cattle. 6 Efficacy against bacterial infections is corroborated by the study by many researchers ( 
Toxicity studies and Safety
While establishing the effect of ethanolic leaf extract of A. serpyllifolia on experimentally induced typhoid using Salmonella typhi, it was proved that the extract was quite safe for long term administration. 8 The acute oral toxicity study of ethanolic extract of A. serpyllifolia leaves was performed on 24 h fasted rats by single dose administration each of 2000 and 4000 mg/kg through oral route (Per.os). There was no mortality and rats showed no toxic signs such as anorexia, depression, lethargy, jaundice and dermatitis throughout the examination during the 14 days observation period. Ethanolic extract of A. serpyllifolia leaves was found to be safe up to 4000 mg/kg (P.O.). Since ethanol is considered "GRAS"(Generally Recognized As Safe by FDA), it was concluded that ethanolic leaf extract of A. serpyllifolia was safe for long term administration and did not induce toxic effects in experimental rats. The ethanolic extracts of A. serpyllifolia were proved to be safe for prolonged use while establishing the anti-diabetic effect of Andrographis lineata and A. serpyllifolia leaf extracts in vitro and in vivo studies. 9 The 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT) assay of the EtALL (Ethanolic extract of A.lineata) and EtASL (ethanolic extracts of A. serpyllifolia) extracts in 3T3-L1 cell line confirmed that there was no toxicity effect for both the extracts from 6.5 to 50 µg/ml concentrations. Further, normoglycemic male Wistar rats orally fed with EtASL extracts at increasing dosage level (100, 500, 1000, 2000 and 4000 mg/kg body weight) were observed continuously for 2 h under behavioral, neurological and autonomic profiles. After a period of 24 to 72 h of incubation they were observed for lethality or death. The test animals showed no change in behavior, erratic movements or any abnormality during the entire duration of the experiment lasting for 28 days. Hence it was deduced that A. serpyllifolia extracts are safe even for chronic administration. Phytochemical screening of the 80% Ethanolic extract of stem, root, leaves and whole plant showed that the heavy metal sequestration in the different plant parts was well within permissible limits. 10 Heavy metal analysis by Atomic Spectrophotometer (AAS) revealed highest accumulation of 2.08 ppm Cadmium in the root (Table 1) . But since this value is low compared to permissible limits of 2000 ppm, the ethanolic extracts of A. serpyllifolia were deduced to be safe from causing heavy metal toxicity and hence safe for human consumption as a drug.
Screening for Phytochemicals
Various workers have screened A. serpyllifolia for its phytochemical activity and the quantitative estimation results are summarized ( Table 2 ). The earliest investigations into the plant's phytochemical profile were conducted in 1968 when scientists isolated the molecule Serpyllin from A. serpyllifolia.11 Its structure has been established as 5-hydroxy-7, 8, 2′, 3′, 4′-pentamethoxyflavone by spectral and synthetic evidence. The synthesis of 5, 6, 7, 2′, 3′, 4′-hexamethoxyflavone is also reported by the same researchers. Phytochemical screening of whole plant extracts, using various polar and non-polar solvents, revealed presence of alkaloid, tannins, steroids, terpenoids, phlobatannin, anthraquinones, flavonoids, saponins and phenolic compounds. Quantitative analysis revealed the presence of saponins (4.2%) in high concentration followed by tannins (4.12%), phenolics (1.4%), alkaloids (1.2%) and flavonoids (0.98%) 12 (Table 4) . Investigators working on hepatoprotective activity of A. serpyllifolia ethanolic leaf extract reported isolation of Quercetin (0.08196%w/w) and rutin (0.20461% w/w) by HPTLC.
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An efficient mobile phase was developed for thin layer chromatography in a combination (CHCl 3 : MeOH 95: 5) that separated compounds over a wide range of R f values in the roots and five components in the aerial parts.
14 A new flavone 5-hydroxy-7, 8, 2'3'4-pentamethoxyflavone, named Serpyllin was isolated from the leaves of A. serpyllifolia in 1999. 15 Subsequently, the same authors isolated two new acylated flavone glucosides, skullcapflavones (2-O-B-D-30-E-cinnamoyl glucopyranoside and 12'-O-B-D-glucopyransode in addition to Andrographidine C from whole plant extracts. A very detailed phytochemical investigation of root extract carried out using NMR spectroscopy yielded six pure crystalline compounds 16 (Table 3) . Described as Compound AS-01 to AS-06, these six compounds were determined to be either flavonoid or Andrographolide derivatives.
Pharmacological activity Screening
Various solvent and aqueous extracts of A. serpyllifolia have been screened for multiple applications and have proven to possess a wide range of curative and therapeutic activities. Some of the efficacies proven in animal models are
Hepatoprotective Activity • Anthelmintic Activity In an experiment conducted on Sprague-Dawley rats infected with S. typhi (MTCC 734) treatment with ethanolic extract of A. serpyllifolia leaves was administered in test dosages of 200 mg / kg and 400 mg/Kg of body weight. 7 Eight cases of animals in each group treated with ethanolic extract of A. serpyllifolia extract at dose level of 200 mg/kg showed 75.0% to 87.5% protection and 100% protection at higher dose of 400 mg/kg on widal blood culture and typhidot tests respectively. The ethanolic leaf extract was shown to possess antimicrobial activity against S. typhi and could be recommended for clinical applications in treatment of typhoid. Investigation into the antibacterial activity of A. serpyllifolia leaf and stem extracts (acetone and aqueous) was carried out by, against four human pathogenic bacterial species viz., Bacillus cereus, Staphylococcus aureus, Escherichia coli and Klebsiella pneumoniae by agar well diffusion method. 17, 18 The aqueous stem extract and acetone extract of leaf and stem showed significant activity against Gram positive bacteria such as Bacillus cereus, Staphylococcus aureus and moderate activity against Gram negative bacteria like Escherichia coli, Klebsiella. The bio-efficacy was found comparable to the activity exhibited by standard drug Ciprofloxacin (10 mg/g). The stem extract showed a higher inhibitory effect than the leaf extracts. The results of this study suggest that A. serpyllifolia leaf and stem extract possess significant antibacterial activity against some of the tested pathogens. The aqueous extract showed highest antibacterial activity against Staphylococcus aureus (17.50 ± 0.07 mm); followed by acetone extract (15.49 ± 0.21 mm). The highest inhibition zone observed for aqueous extract of A. serpyllifolia leaves against Bacillus cereus was 13.15 ± 0.23 mm followed by 11.46 ± 0.11 mm for Acetone extract. (Table 4) . These results confirmed the observation of previous studies by other scientist groups 9 The antibacterial activity reported in A. serpyllifolia in the present study may be due to the presence of glycosides, alkaloids, saponin, steroids, tannins and terpenes. Other investigators reported significant antimicrobial activity of Andrographis serpyllifolia extract from root, stem and leaf. A comparative evaluation of the antimicrobial activity of the crude methanolic extracts of Memecylon malabaricum Clarke. (leaves), Cochlospermum religiosum Linn. (leaves and flowers) and Andrographis serpyllifolia Vahl. (leaves) using the standard disc diffusion assay against eight strains of both clinical and plant-associated bacterial species, viz., Staphylococcus aureus, Salmonella typhi, Enterobacter aerogenes, Pseudomonas aeruginosa, Xanthomonas oryzae pv. oryzae, Xanthomonas axonopodis pv. malvacearum, Bacillus cereus and Micrococcus sp was conducted. 19 The phytochemical screening of methanolic extract of leaves of A. serpyllifolia revealed the presence of sterols, cardiac glycosides, saponins, flavonoids, tannins and phenols. Amount of total phenolics varied slightly in plant materials and ranged from 19 to 49.5 mg/g of leaf extract. The highest amount of total phenolics was found in A. serpyllifolia (49.5 mg/g) and the lowest in M. malabaricum (19 mg/g). The extracts of the plant at a concentration of 1.25 mg/disc showed moderate activity against Staphylococcus aureus, Salmonella typhi and Xanthomonas oryzae pv. oryzae indicating a broad spectrum activity.
Anti-oxidant activity
Aqueous (ASAE) and methanol (ASME) extracts of A. serpyllifolia were reported to contain phenolic acids up to 3-5%, in addition to Andrographolide which is present at ~2% level. 20 Aqueous extract exhibited ~2 and 10 fold higher free radical scavenging and reducing power activities than those of methanol extract and the isolated Andrographolide, suggesting that Andrographis species may contain antioxidant components other than Andrographolide as well. Further, about 70-80% of DNA and red blood cells were protected against oxidant-induced damages at 4 mg/mL and there was about 80% inhibition of proliferation of highly metastatic MDA-MB-231 cells at 10 mg/mL, which suggests the anticancer potential of A. serpyllifolia. Identification of phenolic acids contributing to antioxidant potency revealed that Gentisic (48%) followed by Gallic (25%), Protocatechuic (14%) and Cinnamic (11%) acids in ASAE, while Protocatechuic (59%), followed by Ferulic (30%) and p-Coumaric (8%) acids in ASME contributed to the activity. Thus, phenolics and androgra- 
Anti-diabetic Activity
Investigators concluded that ethanolic whole plant extract of A. serpyllifolia showed lower serum glucose level in normal rats. 23 Hydro-ethanolic extract of whole plant was concentrated under reduced pressure in a rotary evaporator and completely dried to constant weight. The dried extract was suspended in 2% gum acacia to prepare the test solution. A fortnight -long acute toxicity study, carried out on mice as per the OECD guideline-423 (Organization for Economic Co-operation and Development) established that this drug did not cause mortality, autonomic or behavioral responses such as tremors, convulsions, diarrhea, lethargy, drowsiness or coma and hence is safe for use. Assessing the Oral Glucose Tolerance Test (OGTT) conducted on fasting rats, maximum reduction in serum glucose level was observed after 4 hours at dosage levels of 100, 200 mg/kg body weight of the extract. In normal rats the serum glucose level reduction at 4 hours was 20.85% by 100 mg/kg body weight and 35.56% by 200 mg/kg body weight. In alloxan induced diabetic rats, continuous administration of the extract significantly reduced the serum glucose levels from fifth day to till the end of experiment. The extract was also found to reduce the elevated serum biomarker enzymes as well as improve parameters like lipid profile and body weight and thus may be valuable in diabetes treatment. These results indicate that A. serpyllifolia extracts are able to ameliorate biochemical damages induced by alloxan in diabetic rats. Scientists demonstrated similar results using streptozotocin induced Diabetes in rats while comparing anti-diabetic activity of Andrographis lineata and A. serpyllifolia. 24 The treatment with EtALL and EtASL extract (400 mg/kg b.w.) on fasting blood sugar and oral glucose tolerance test in treated normoglycemic rats showed hypoglycemic effect. When the streptozotocin induced diabetic rats were administered with EtALL and EtASL 400 mg/kg b.w. in chronic model (28 days) there was a significant reduction in plasma glucose, plasma insulin level, total cholesterol, low density lipoprotein (LDL)-C triglyceride, glucose-6-phosphatase and fructose -1, 6-bisphosphatase levels. Glycogen content (liver and muscle), high density lipoprotein (HDL) cholesterol, hexokinase, was significantly increased compared with the diabetic control rats in both the extracts treated rats. The above findings reiterated the significant anti-diabetic potential of the extracts in ameliorating induced-diabetic condition in treated rats.
Anti-proliferative activity
In a comparative study conducted to prove inhibition of galectin-3 mediated cellular interactions by pectic polysaccharides, four plants used as dietary sources Decalepis hamiltonii (swallow root -SRPP), Hemidesmus indicus (HPP), Nigella sativa (black cumin-BCPP) Andrographis serpyllifolia (APP), Zingiber officinale-( ginger-GRPP) and citrus pectin (CPP) were examined. 25 Inhibition of (a) galectin-3 of MDA-MB-231 cells induced hemagglutination of red blood cells (b) galectin-3 mediated interaction between normal /metastatic human buccal cells (NBC)/ (MBC) and; (c) invasion of MDA-MB-231 and MBC in the invasive chamber were assessed. Results indicated that SRPP inhibited hemagglutination at Minimum Inhibitory Concentration (MIC) of 1.86 μg ml−1 equivalent of carbohydrate as opposed to those of BCPP (130 μg ml−1), APP (40 μg ml−1), HPP (40 μg ml−1) and CPP (25 μg ml−1). About 4 % Pectic polysaccharides were isolated from A. serpyllifolia leaves (Table 5) Agglutination inhibitory activity against MDA-MB-231-galectin-3 induced hemagglutination of rabbit Erythrocytes was observed at 40μg / ml concentration of the APP. These galectin inhibitors are believed to be safer since they exert their effects by binding to galectin-3 found only in cancer cells and not in normal cells. In the advanced stages of the disease, metastasis, which is essentially the ability to spread to other tissues and organs, makes cancer potentially fatal. It was concluded that a safe compound that could particularly block galectin-3 that induces metastasis i.e., galectin inhibitors may be found in A. serpyllifolia.
Anti-inflammatory Activity
Anti-inflammatory and analgesic properties of A. serpyllifolia were proved in clinical studies involving Wistar rats and Albino mice. 26 A. serpyllifolia methanolic root extract shows moderate potency in the inhibition of 5-LOX (5-Lipoxygenase) which is a key enzyme in leukotriene biosynthesis. 27 Leukotrienes (LTs) constitute a group of bioactive lipids that are generated by the 5-LO pathway. 5-LO expression is typically restricted to certain types of leukocytes, such as granulocytes (neutrophils, eosinophils and basophils) and monocytes/macrophages, which constitute the major source of LTs due to high 5-LO expression and enzymatic activity. 5-LO expression can also be detected in dendritic cells, mast cells and B-lymphocytes. LTs primarily mediate inflammatory and allergic reactions by enhancing chemotaxis of migrating neutrophils and triggering vascular permeability and edema formation in inflamed tissues. Methanolic root extract of A. serpyllifolia exhibited higher anti-inflammatory activity than chloroform extract in in vitro studies involving carrageenan induced Rat paw edema and TPA (12-0-tetradecanoylphorbol-13-acetate) induced Ear Edema. Higher analgesic activity was attributed to methanolic root extract than chloroform extract in in vivo studies. Potent analgesic activity was recorded at 100 and 200 mg / kg in acetic acid induced writhing test. However similar results were not 33 It was reported in a review article that more than 100 ginsenosides have been isolated from roots, leaves, stems, flower buds and berries of Asian ginseng and American ginseng and these ginsenosides exhibit considerable structural variation. 34 A similar effort to separate fractions of A. serpyllifolia saponins may prove valuable in terms of drug discovery. The anti-microbial activity of this plant's extracts may be due to the presence of relatively high content of Tannins or water-soluble polyphenols which have been proven to inhibit growth of many fungi, yeasts, bacteria and viruses. Ethnopharmacology reports mention that A. serpyllifolia leaf extract is highly effective in curing Bovine mastitis. Scientists treated three strains of pathogenic bacteria with condensed tannins (CT) purified from eight different woody plant species to investigate their inhibition effect on the growth of these bacteria in vitro. Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus were tested against low (0, 2, 4 and 8 mg CT/ml) and high dose levels (0, 50 and 100 mg CT /ml) of CT extracted from different plant species. S. aureus and E. coli exhibited dose dependent and susceptibility (P < 0.01) when exposed to 4 mg/ml of the following tannin monomers which exhibited differential inhibitory activity: Catechin > Ellagetannin > Tannic Acid > Epi-Catechin > Gallotannin. 35 In the presence of high dose levels at 0, 50 and 100 mg tannin extract/ml, inhibition zones of growth were varied among plant species. The findings indicated that source and concentration are important factors that influence antimicrobial activity of tannins. Estimates of the polyphenol profile of A. serpyllifolia, demonstrated presence of almost 48 % of Gentisic acid which is a crystalline dihydroxybenzoic acid with a broad spectrum of biological activity, such as anti-inflammatory, anti-rheumatic and antioxidant properties but the activities of individual tannin monomers need to be evaluated. 20 It was shown that ethanolic extract of A. serpyllifolia exhibited highest anti-fungal activity among the tested ethno-medicinal plants against Aspergillus flavus which is an opportunistic human and animal pathogen, causing aspergillosis observed in albino mice subjected to pain stimulus at 55 o +0.5 o C by hot plate method. This observation implies that the activity of plant extract is expressed through peripheral mechanisms rather than central mechanisms. Peripherally-induced neuropathic pain is initiated by damage to the peripheral nervous system (PNS) while persistence of pain appears to rely on maladaptive processes within the central nervous system (CNS). 28 Correlating both in vitro and in-vivo data, it was concluded that A. serpyllifolia methanolic root extract possibly consists of more antiinflammatory and analgesic active principles than chloroform extract. While reviewing herbal plants that are traditionally used for their antiinflammatory activity, it was observed that chloroform and methanolic root extracts of A. serpyllifolia showed moderate inhibitory activity on 5-LOX but showed significant anti-inflammatory efficacy. 29 This implied that the efficacy of plant extract may possibly be mediated through processes other than just inhibition of 5-LOX.
Hypo-lipidemic Activity
Hypolipidemic activity screening was carried out in Male albino rats (Wistar strain). 30 Aqueous root extract exhibited moderate efficacy in lowering the elevated serum cholesterol. It was concluded that the lipid lowering effect of A. serpyllifolia aqueous root extract in rats may be due to inhibition of cholesterol biosynthesis and presence of andrographolides, terpenoids, flavonoids and lignans. The drug showed protective action as it slightly increased the HDL-cholesterol level in atherogenic diet induced hyperlipidemic model.
Hepatoprotective Activity
Investigating the effect of standardized leaf extract of A. serpyllifolia on carbon tetrachloride-induced hepato-toxicity in Wistar rats, scientists analyzed different biochemical parameters used to quantify hepatotoxicity. 31 The standard biochemical parameters assessed for hepatotoxicity include tests for Serum enzymes, Aspartate transaminase (AST), Alanine transaminase (ALT), Serum alkaline phosphatase (ALP) and total serum bilirubin (TBIL). Antioxidant parameters like Lipid peroxidation (LPO), Superoxidase dismutase (SOD), Catalase (CAT) and Reduced glutathione (GSH) were determined. High hepatic serum enzymes are indicative of cellular leakage resulting from severe damage of liver cells. When liver cell plasma membrane is damaged, various enzymes contained within the cytosol are released into the blood stream. Estimation of activity of serum marker enzymes like ALT, AST, ALP aids in assessment of efficiency of Liver Function. Leaf extract was prepared using 70% ethanol, concentrated under reduced pressure at 40oC in a rotavapor and lyophilized to get 20 % of solid residue or extract. Quantitative phytochemical screening of this crude ethanolic extract indicated presence of flavonoids Quercetin (0.08196% w/w) and Rutin (0.20461% w/w). Test dosages of this crude extract were fixed at 150 mg, 250 mg and 500 mg/kg body weight of the test animal. Based on the results of the tests listed above, it was concluded that altered biochemical profiles caused by exposure to Carbon tetra chloride could be reversed to normalcy using A. serpyllifolia leaf extract at optimal dose of 250mg/kg. This dual protective property of damage reversal followed by protection from further damage was attributed to the presence of flavonoids Quercetin and Rutin in A. serpyllifolia leaves.
Anthelminthic Activity
Scientists evaluated the ethanolic and aqueous root extract of A. serpyllifolia and demonstrated in earthworms (Pheretima posthuma) that at concentration of 20 mg/ml, aqueous extracts caused paralysis followed by mortality within 28 mins and 74 mins respectively. 32 Ethanolic extract at the same concentration of 20 mg/ml was comparatively more potent inducing paralysis within 12.5 mins and mortality within 28 mins.
in immune-compromised individuals and highest activity against Eschericia coli. 34 The polysaccharide profile of A. serpyllifolia leaves includes significantly high amount of Uronic acid at 110mg/g. Carbohydrate metabolism involves major pathways like Glycolysis and Kreb's cycle and minor pathways like Hexose monophosphate pathway (HMP) for production of pentoses and NADPH and Uronic acid pathway for oxidation of glucose. While the two major pathways are important for energy generation and occur in cytosol of all cells, HMP and Uronic acid pathways occur in the cytosol of Liver. Uronic acids are a class of sugar acids in which the terminal hydroxyl group of an aldose or ketose is oxidized. The main function of Uronic acid pathway is formation of UDP-glucuronate via Glycosaminoglycans (GAGs) synthesis and provides a pool of toxins for several conjugation reactions with bilirubin and steroids making them more easily soluble and hence easily excreted. The human body uses the process of glucuronidation (linkage process where uronic acids form glycosidic bonds with thiol, amine and hydroxy groups or esterification with the carboxyl and hydroxyl groups) to make alcohols, phenols, carboxylic acids, mercaptans, primary and secondary aliphatic amines and carbamates more water-soluble and in this way, allows for their subsequent elimination from the body through urine or faeces (via bile from the liver) at a significantly increased rate. Thus Uronic acid may aid in easy detoxification. Further, Glucuronic acid or uronic acid derived from glucose, is a common building block of proteoglycans and glycoglycerolipids such as Heparin, an anticoagulant. Accumulation of Uronic acid in the leaves of A. serpyllifolia indicates its potential as a hepatoprotective drug. Higher therapeutic value of A. serpyllifolia is attributed to aqueous extracts of various plant parts by most researchers. Methanol and 70% Ethanol have also been used by a few workers to demonstrate antiinflammatory, hepatoprotective and anti lipidemic activities. Most of the pharmacological screening is conducted using the wholesome crude extract and specific fractions and their related activity is not clear. Pure fractions may be valuable source of therapeutic or curative moieties that may contribute significantly to drug discovery. Although there are ample Ethnopharmacological references in public domain, there seems to be no classical Ayurvedic plant reference for Andrographis serpyllifolia. This lacuna may be due to its limited geographic spread or if indeed there is mention, it may be described by some other name. It may be part of Siddha preparations which are ill-documented and are often verbally transmitted through generations, rather than in well documented Ayurvedic formulations.
CONCLUSION
A. serpyllifolia is a slow growing plant with unique morphology and is endemic to South India. It is evident that the various signature compounds produced in the roots and aerial parts of the plant have wide therapeutic applications. While its present occurrence may not be as common as observed by workers more than a century ago, it is quite sparse in distribution currently and is not yet listed under the Rare, Endangered and Threatened species. It is important that this slow growing plant, trying to survive under constant risk of acute water scarcity, grazing, forest fires, habitat disruption and destruction is at least brought under "vulnerable" tag. The compounds characterized by various workers may serve well either as pure drugs or as part of synergistic polyherbal formulations. Developing pharmacognostic markers will go a long way in accurate identification and prevent adulteration of this drug. A keen understanding of the growth parameters is necessary to develop practical cultivation practices that lead to production of abundant herbage. Plant Biotechnology has much to offer via its tissue culture techniques. Efficient Micropropagation systems can provide adequate and perennial
